In this study, the phylogenetic relationships and which the taxonomic status of the species belonging to the Sparidae family (Pisces: Perciformes) are analysed and revised. This study includes species of this family that are distributed by the North-eastern Atlantic and Mediterranean coasts, is based on the analysis of two satellite DNA families. While one satellite DNA, the centromeric EcoRI family, extends to all the species analysed, the other, the subtelomeric DraI family, is restricted to only six of the 16 species studied. Based on phylogenetic use of these two markers, we conclude that the Sparidae family is composed by two major lineages: one comprising the species of the genera Sparus, Diplodus, Lithognathus, Boops, Sarpa and Spondyliosoma, and one species of Pagellus (P. bogaraveo); and the other lineage is comprised of the species of Pagrus and Dentex, and one species of Pagellus (P. erythrinus). This classi®cation is consistent across the two markers used and clearly contradicts previous morphological phylogenies based mainly on dentition. In addition, the current status and the phylogenetic position of some of the species analysed (i.e. species of Pagrus, Dentex and Pagellus) are not supported by our analyses. Finally, we discuss the value of the morphological characters used until now for the classi®cation of this group of ®sh.
Introduction
The family Sparidae of the ®sh order Perciformes comprises approximately 29 genera and 100 species, from which 24 species (10 genera) are described from the north-eastern Atlantic and Mediterranean coasts (Bauchot & Hureau, 1986) . The group includes a large number of species of high economic value. The classi®cation and the phylogenetic relationships of these species, however, remains controversial. Traditionally based mainly on the dentition and diet, the Sparidae family has been divided into three subfamilies: Denticinae, Sparinae and Boopsinae (Tortonese, 1975 ; see Table 1 ). Adaptive traits related to feeding, however, have been found in several situations to be highly plastic (in ®sh, Meyer, 1993; Stiassny, 1996) , as is also found with regard to other morphological characters (Chow & Kishino, 1995; Birstein & DeSalle, 1998) . At the genus level, the genus Sparus, comprising the majority of the current species of the family, was founded by Linneus in 1758. Since then, many authors have proposed dierent genera for the family Sparidae and the taxonomy of the group has frequently been revised. There has been considerable controversy concerning the validity of the genus Pagrus as a taxonomic unit independent of the genus Sparus (Bianchi, 1984) , while the taxonomic status of dierent species has been successively changed (Bauchot & Hureau, 1986) . Conversely, some con¯icts have arisen with respect to the relationships between genera within the group, and, as revealed recently, some inconsistencies appear between morphological and molecular data (Reina et al., 1994; Garrido-Ramos et al., 1995a , 1999 Hanel & Sturmbauer, 2000) .
Satellite DNAs are rapidly evolving sequences. The resolving power of these sequences in systematic studies ranges from the identi®cation of conspeci®c populations (Elder & Turner, 1994) to interfamilial relationships of cetaceans (Arnason et al., 1992; Gretarsdottir & Arnason, 1992) . These sequences are considered to be a new promising and useful tool for identifying phylogenetic relationships (Stepien & Kocher, 1997) and they have been used in recent years for systematic studies (Franck et al., 1994; Garrido-Ramos et al., 1995a , 1999 Mestrovic et al., 2000) . We have previously characterized a satellite DNA family, the centromeric EcoRI family (Garrido-Ramos et al., 1994 , 1995b , and have used it as a phylogenetic marker, analysing the relationships between nine species of the subfamily Sparinae and one of the subfamily Boopsinae (Garrido-Ramos et al., 1999) . In this study, we seek to provide a complete vision of the taxonomic and phylogenetic relationships of the family Sparidae. In our analysis, we include six new species representatives of the subfamilies Boopsinae and Denticinae, scarcely analysed previously, and use the information provided by the centromeric EcoRI satellite DNA and by a new satellite DNA family, the subtelomeric DraI family (Garrido-Ramos et al., 1998) .
Materials and methods
Specimens were obtained from both the experimental hatchery of C.I.C.E.M.`El TorunÄ o' (ConsejerõÂ a de Agricultura y Pesca, Junta de AndalucõÂ a; Spain) and from ®shing in the CaÂ diz Bay (SE Spain). We analysed a total of 16 species (Table 1) .
Cloning and sequencing the subtelomeric satellite DNA By means of Southern-blot hybridization and PCR ampli®cation we have demonstrated the presence of this satellite DNA family in only three out of 10 sparid species: Pagrus pagrus, Pagrus auriga and Pagellus erythrinus (Garrido-Ramos et al., 1995a , 1998 . As this satellite DNA family can be used as a cladistic diagnostic, we have tried to identify which of the six new species analysed here (Dentex canariensis, D. gibbosus, D. dentex, Boops boops, Sarpa salpa and Pagellus bogaraveo) have this satellite DNA family, by means of PCR, using the primers designed by Garrido-Ramos et al. (1998) . Recombinant plasmids containing the ampli®ed DraI sequences of each species (Dentex canariensis, D. gibbosus and D. dentex) were used as templates for sequencing by the dideoxynucleotide chain terminator method of Sanger et al. (1977) . Sequencing products were analysed by an automated laser¯uorescent DNA Table 1 .
Phylogenetic analysis
We used the two satellite DNA families of the sparid species for phylogenetic inference of the group. As the DraI family is restricted to some species only of the Sparidae, we used this family as a diagnostic marker for the dierentiation of species according to its presence or absence. Second, as the EcoRI satellite DNA family is conserved in the whole group, we have used the sequence divergence data between species as the basis of a phylogenetic analysis. We comparatively analysed 88 dierent EcoRI monomeric units. Multiple alignment was ®rst performed by the program CLUSTAL W 1.7 (Thompson et al., 1997) . Comparative intraspeci®c analysis of EcoRI and DraI monomeric sequences (nucleotide diversity) followed Nei (1987) . For phylogenetic analyses, the neighbour-joining method (Saitou & Nei, 1987) was used because of the short length of the sequence analysed and because of the high genetic distances found between species belonging to dierent clades, together with the unequal rates of sequence change among lineages (Kumar et al., 1993) . Neighbour-joining phylogenetic analyses were carried out using the EcoRI sequences using the MEGA package (Kumar et al., 1993) . Genetic distances were calculated according to Tajima & Nei (1984) .
Results

Analysis of the DraI satellite DNA family
The DraI satellite DNA family is subtelomerically located on the chromosomes of the three sparid species analysed to date (Pagellus erythrinus, Pagrus pagrus and P. auriga) (Garrido-Ramos et al., 1998). We demonstrated by means of Southern hybridization and by PCR ampli®cation in a previous study that this satellite DNA was absent from the genome of seven species of the genera Sparus, Diplodus, Lithognathus and Spondyliosoma. Following these procedures, we show here that among the six new species that we analyse, the DraI sequences are present in the genome of the three species of Dentex (D. dentex, D. gibbosus and D. canariensis), but absent from the genome of the other three species: Pagellus bogaraveo, Sarpa salpa and Boops boops (see Table 1 Analysis of the EcoRI satellite DNA family and the phylogeny of the Sparidae
The EcoRI satellite DNA is the basic component of the centromeres of the chromosomes of the sparid species. As in the approach followed for the identi®cation of the DraI sequences, we demonstrated by means of PCR or Southern blot the presence of EcoRI sequences in the genomes of the six new species included here. Thus, either by direct cloning, or by PCR ampli®cation and subsequent cloning, we have obtained 32 monomeric units from six new species (six from Pagellus bogaraveo, seven from Sarpa salpa, ®ve from Boops boops, four from Dentex dentex, six from D. canariensis and four from D. gibbossus). According to previous data, those monomeric EcoRI sequences have a length of 187 bp and showed characteristics similar to those found in previously analysed species: (i) the complete sequence is not uniformly useful for the phylogenetic analyses made here, a part of the sequence must be deleted for such purposes (from positions 163±187); (ii) the sequences compared are AT rich (62±67%); (iii) there is no strong transition/transversion bias; (iv) genetic distances between repeat units of the same species were smaller than genetic distances between repeat units in dierent species; consistently, phylogenetic inference methods grouped the repeats together by taxonomic anities; as concerted evolution is revealed for these sequences, we used consensus sequences for inferring the phylogeny of the sparids; (v) this satellite DNA family is restricted to the species of the Sparidae family, therefore, an outgroup species is missing for this analysis. With this taken into account, the multiple alignment of EcoRI consensus sequences of the total of 16 sparid species was used as a source for the phylogenetic analysis. The Jukes-Cantor estimate of the number of nucleotide changes per site (d) between most of comparisons was 0.2 < d < 1. As the frequencies of the four nucleotides deviate substantially from equality, but there was no strong transition/transversion bias, we used the Tajima-Nei distance (Tajima & Nei, 1984) . The species analysed were grouped in two major lineages (Fig. 1) . The species of Diplodus, Sparus, Lithognathus, Spondilyosoma, Boops, Sarpa and Pagellus (P. bogaraveo) comprising one of the lineages, had an average TajimaNei distance of 0.32. We can, however, distinguish between two clades within this lineage: the clade Diplodus-Sparus-Lithognathus-Spondilyosoma (average distance of 0.21) and the clade Boops-Sarpa (distance of 0.24), while the situation of Pagellus bogaraveo is uncertain as it is equally distant to each of the two clades (average distance of 0.39 in both comparisons). The species of Dentex, Pagrus and Pagellus (P. erythrinus) comprised the other lineage and had an average Tajima-Nei distance of 0.21. The mean distance between taxa of the two lineages was 0.88.
The unrooted tree obtained by neighbour-joining shows two clearly dierentiated lineages (Fig. 1) . As the EcoRI satellite DNA family is exclusive to the sparid species, there is no root for the tree. Considering the long distances separating the two clades, we can assume a midpoint root in the neighbour-joining tree. Thus, phylogenetic reconstruction from EcoRI consensus sequences of each species demonstrated the existence of two monophyletic groups within the Sparidae family: one composed of the species of the genera Pagrus and Dentex, including one species of the two analysed here belonging to the genus Pagellus (P. erythrinus), and the other clade composed of the species of the genera Sparus, Diplodus, Lithognathus, Spondyliosoma, Boops and Sarpa, and the other species of the genus Pagellus analysed here (P. bogaraveo). Both monophyletic groups were supported by 100 of 100 bootstrapped trees (5000 replicates).
Discussion
The current classi®cations of the Sparidae family are based on morphological traits, mainly in dentition, but it has been demonstrated in other groups of ®sh such as cichlids that similar evolutionary adaptations can sometimes evolve independently (Meyer, 1993) . Adaptive traits related to feeding, for example, can converge in dierent lineages (Meyer, 1993; Stiassny, 1996) . Tooth shape can even change over the life span of individuals in some of these species (Meyer, 1993) . Traditionally, the Sparidae family has been divided into three subfamilies: Denticinae, Sparinae and Boopsinae (Table 1) . Our data do not, however, support the subdivision of the Sparidae into three subfamilies. Our phylogenetic analyses suggest that the sparids can be assigned to two major lineages: lineage 1, composed of the species of the genera Sparus, Diplodus, Lithognathus, Spondyliosoma, Boops and Sarpa and Pagellus bogaraveo (some species of Sparinae and all analysed species of Boopsinae), and lineage 2 composed of the species of the genera Pagrus and Dentex, plus Pagellus erythrinus (some species of Sparinae and the species of Denticinae).
Both molecular markers used in this study are congruent with this point of view. First, the exclusive presence of DraI satellite DNA family in the genomes of the species of Pagrus, Dentex and in Pagellus erythrinus permits the grouping of these species in a monophyletic lineage apart from the lineage that includes the rest of species. From a phylogenetic standpoint, the sharing of the same satellite-DNA family can be used for associating related species. If two species share one satellite-DNA family, they must have diverged more recently than other species not having that satellite-DNA family. This allows the use of repetitive sequence families as cladistic markers (Arnason & Widegren, 1986; Murata et al., 1993; Van Den Busche et al., 1993; Hartley & Davidson, 1994a,b) .
Secondly, the analysis of the sequence divergence for EcoRI satellite DNA sequences supports the results with DraI sequences (Fig. 1) . The two lineages share the centromeric EcoRI satellite DNA family, as demonstrated here and elsewhere, supporting the monophyly of the entire group of sparids. These data indicate that the EcoRI satellite DNA must have appeared early in the common ancestor of the sparid species, while DraI must have appeared after the spread of the Pagrus-DentexPagellus erythrinus lineage. We cannot, however, disregard the theoretical possibility that DraI may have been lost in a common ancestor of the other lineage.
Within the ®rst lineage, the genus Sparus was considered early on to be composed of Sparus aurata and the current species of Pagrus, until the revision of Cuvier (1817). The dentition dierences in this case are scant and many authors claimed a single genus embracing all these species. This study and previous work (Bianchi, 1984; Reina et al., 1994; Garrido-Ramos et al., 1995a , 1999 Hanel & Sturmbauer, 2000) supports the reinstatement of the genus Pagrus and the existence of a large degree of divergence between the genera Pagrus and Sparus.
The species of Diplodus appear as a monophyletic group. The relationships within this genus inferred from EcoRI satellite DNA are consistent with the morphological relationships described by De la Paz (1975) . The inclusion of D. puntazzo as a taxon within this genus and not as an independent genus (Puntazzo puntazzo or Charax puntazzo) is supported by this study. The more closely related species within this genus are D. sargus and D. annularis, as proposed by De la Paz (1975) . Finally, we found enough sequence divergence between D. annularis and D. bellottii at the cytogenetic level (Amores et al., 1993) to dierentiate these two species, that at the morphological level are particularly similar (CaÂ rdenas, 1978) .
It is apparent that Spondyliosoma, Sarpa and Boops are related by morphology (subfamily Boopsinae) and by the molecular data (Fig. 1) . As considered traditionally, Boops boops and Sarpa salpa are closely related species (the common synonym of Sarpa salpa was Boops salpa, Bauchot & Hureau, 1986) . The genetic distance between the species (0.24) is similar to other intergeneric comparisons (i.e. Diplodus-Sparus and Diplodus-Lithognathus) and much higher than conspeci®c distances (average distance of 0.10 for Diplodus species). Recent phylogenetic analyses based on mitochondrial DNA (Hanel & Sturmbauer, 2000) support the existence of a third lineage within the Sparidae composed of these three species (Spondyliosoma cantharus, Sarpa salpa and Boops boops), but not the fourth species (Oblada melanura) of the former subfamily Boopsinae. This last species is related to the rest of Sparinae species (Hanel & Sturmbauer, 2000) . We do not, however, ®nd support to separate Spondyliosoma cantharus, Sarpa salpa and Boops boops from the species of Sparinae.
Special consideration should be given to the genus Pagellus, which contains four species: the red seabream (P. bogaraveo), the axillary seabream (P. acarne), the common pandora (P. erythrinus) and the red pandora (P. bellottii). We analysed two species of this genus: P. bogaraveo and P. erythrinus. These two species appeared in our study as highly divergent species, each being included in a dierent lineage. P. erythrinus is a species closely related to Dentex dentex. Both P. erythrinus and D. dentex share the DraI satellite DNA in their genomes, together with the remaining species of Dentex and those of Pagrus, satellite DNA that is absent from the genome of P. bogaraveo. Moreover, the sequence divergence for EcoRI sequences is substantial between the two species of Pagellus and associates P. bogaraveo with species of Boops and Sarpa. It therefore appears that the genus Pagellus is an arti®cial genus. The paraphyly of the genus Pagellus was also found by Hanel & Sturmbauer (2000) . As in our study they found that P. bogaraveo and P. acarne were closely related to the Diplodus species, while P. erythrinus and P. bellottii, were related to the species of Dentex and Pagrus.
The second lineage includes all species of the genera Dentex and Pagrus as well as Pagellus erythrinus. The generic assignments within this clade indicate, again, the paraphyly of the three genera (Hanel & Sturmbauer, 2000) . Dentex canariensis and D. gibbosus (both previously ascribed to a dierent genus, Cheimerus), form a distinct clade together with one species of Pagrus (P. pagrus) (mean distance of 0.14 for EcoRI sequences). Dentex dentex and Pagellus erythrinus appear as sister taxa (distance of 0.14), in a dierent clade to that of D. canariensis and D. gibbosus (distance between these two clades: 0.25). Pagrus auriga appears, ®nally, as a taxon independent of these two clada (distances of 0.18 and 0.28, with respect to the ®rst and the second clade, respectively).
In conclusion, we have found several inconsistencies in the current phylogeny and taxonomic assignments based on morphological traits, with respect to the results obtained from two molecular markers for the Sparidae family. It has already been proven that some morphological characters in ®sh are clearly adaptive, as in the dentition of sparid species (Cataudella et al., 1980) . It has been also demonstrated, however, that characters such as those of trophic types or body shape may be aected by recurrent evolution in dierent lineages (Meyer, 1993; Stiassny, 1996) . Several reports based on molecular studies have indicated that, in ®sh, morphological phylogenies are some times incongruent (Chow & Kishino, 1995; Kocher et al., 1995; Birstein & DeSalle, 1998) . Molecular data presented in this study again show a considerable deviation from the phylogeny inferred from morphology, indicating the need to reevaluate the morphological characteristics of ®sh as systematic indicators.
